INTRODUCTION: US adults with serious mental illness (SMI), compared to those without SMI, have a higher prevalence of smoking, which contributes to a shorter life expectancy. This study compared current smoking and quitting-related characteristics of low-income US adults with and without SMI who received healthcare at federally funded health centers. METHODS: Using cross-sectional data from adults ≥ 18 years old in the nationally representative 2014 Health Center Patient Survey (n = 5592), we compared the prevalence of ever and current smoking among adults with and without SMI and calculated quit ratios as the percentage of ever smokers who have quit smoking. We examined the association between SMI and receiving advice to quit, making quit attempts, and having plans to quit in the next 30 days using multivariable logistic regression. RESULTS: A total of 1376 (23%) of participants had SMI. Ever smoking prevalence was 68% in adults with SMI and 41% in adults without SMI, and current smoking prevalence was 48% and 22%, respectively. The quit ratio was 30% and 46% among participants with and without SMI, respectively. Compared to smokers without SMI, more smokers with SMI reported receiving advice to quit in the past 12 months (aOR 2.47, 95% CI 1.20-5.07). Smokers with and without SMI did not differ significantly in their odds of having made a past-12-month quit attempt or plans to quit. CONCLUSIONS: Smokers with SMI seen in federally funded health centers were just as likely to have made a quit attempt and to have plans to quit as smokers without SMI. Despite a higher likelihood of receiving clinician advice to quit, the lower quit ratio in this population suggests that advice alone is unlikely to be sufficient. These results underscore the need for augmented strategies to promote smoking cessation and reduce the excess burden of tobacco-related disease in patients with SMI. 
INTRODUCTION
The prevalence of smoking among US adults with serious mental illness (SMI) is two-to threefold higher than in the general population, 1 contributing to a shorter life expectancy than individuals without SMI. 2, 3 Individuals with mental illness have a mortality rate that is over twice as high as those without mental illness or the general population. [3] [4] [5] Recent evidence suggests that tobacco-related conditions account for approximately half of deaths among individuals with schizophrenia, bipolar disorder, and depression, 6 underscoring the importance of understanding the factors associated with smoking and quitting among people with SMI.
While smoking rates have been declining among adults in the USA, the reduction has been significantly less among those with mental illness. 7 In 2016, the prevalence of smoking among all US adults was 15.5%; 1 this is in contrast to estimates that over a third of individuals with bipolar disorder and over 60% of individuals with schizophrenia smoke. 8 Smokers with SMI have lower cessation rates 9, 10 and face a number of challenges to quitting, 11 such as being heavier smokers 12 and experiencing more nicotine withdrawal. 13 Other barriers include beliefs among healthcare providers that patients with mental illness are not interested in quitting or that quitting smoking would negatively impact mental health. 14 However, studies have found that motivations to quit smoking are similar among smokers with SMI and the general population, 15 and that smoking cessation is associated with improvement in psychiatric symptoms rather than worsening. 16 Despite increasing recognition that smoking cessation treatment should be a key component of the care of individuals with SMI, little is known about smoking, quitting-related behaviors, and advice to quit among patients with SMI seen in safety net clinic settings. Federally funded health centers serve underserved and vulnerable patients throughout the USA. Both mental health diagnoses and tobacco use are common in patients receiving care in health centers. A prior study found that 50% of adult health center patients had a lifetime history of depression, 12% had current SMI, and 21% had accessed mental health services in the preceding year. 17 Cigarette smoking is also prevalent among patients seen at adult health centers, with 33% reporting current smoking in
2009
. 18 In the present study, we analyzed a survey of a nationally representative sample of patients seen in federally funded health centers to determine the association between SMI and smoking, receipt of clinician advice to quit, and quitting-related interest and behaviors among adults who received care at these sites in 2014-2015.
METHODS

Data Source and Study Population
We used cross-sectional data from the 2014 19 Data collection occurred between September 2014 and April 2015, and patients had to have received services at the health center in the preceding 12 months to be eligible for the survey. Surveys were administered in-person using computer-assisted personal interviewing in one of five languages: English, Spanish, Chinese, Korean, or Vietnamese. Participants were compensated $25 for participation. Of eligible individuals, 91.4% participated in the interviews.
We used publicly available data from adults ≥ 18 years old in the HCPS. This project was deemed exempt by the institutional review board at Partners Healthcare.
Measures
Serious Mental Illness. We defined SMI as either (1) a score ≥ 13 on the Kessler 6 (K6) scale 20, 21 or (2) reporting being told by a health professional of a diagnosis of bipolar disorder or schizophrenia. The K6 measures how often in the past 30 days participants had felt each of the following symptoms: (1) so sad that nothing could cheer you up, (2) nervous, (3) restless or fidgety, (4) hopeless, (5) that everything was an effort, or (6) worthless. Each response was provided on a scale from Bnone of the time^(coded as 0) to Ball of the time^(coded as 4), with a total score range from 0 to 24. The K6 has been validated and used in numerous clinical and population-based contexts and countries. 20, 22, 23 While the K6 does not identify specific psychiatric diagnoses, it allows for the identification of individuals with any mental illness that results in major impairment. Prior studies have shown that a K6 cutpoint of 13 is highly specific for identifying SMI and K6's ability to detect psychiatric disorders. 20 Smoking-Related Variables. We defined ever smokers as those who reported having smoked at least 100 cigarettes in their lifetime, and never smokers as those who did not smoke 100 cigarettes in their lifetime. We further characterized ever smokers as current smokers (those who reported currently smoking either Bevery day^or Bsome days^) or former smokers (those who reported now smoking Bnot at all^).
The quit ratio is the percentage of ever smokers who have quit smoking at a point in time. 1 The quit ratio was determined as the ratio of former smokers to ever smokers.
A past-12-month quit attempt was defined as having stopped smoking for more than 1 day to try to quit smoking. Participants also reported whether a doctor or other health professional advised them to quit cigarettes or other tobacco products in the preceding 12 months. Smokers who reported having plans to quit cigarettes for good in the future and had a time frame in mind for quitting were asked whether they planned to quit in the next 7 days, 30 days, 6 months, year, or more than 1 year (dichotomized into within 30 days and not within 30 days).
Covariates. Social and demographic factors in analyses included age (18-34, 35-54, ≥ 55), sex, race/ethnicity (nonHispanic white, non-Hispanic black, non-Hispanic other [including Asian], Hispanic), education (less than high school, high school, more than high school), income as a percentage of the federal poverty level, and being uninsured for six or more months in the past year. We also controlled for health center clinic type. Medical comorbidities were measured as reporting being told by a doctor or other health professional of a diagnosis of asthma, chronic obstructive pulmonary disease (defined as COPD, emphysema, or chronic bronchitis), hypertension, hyperlipidemia, diabetes, cardiovascular disease (defined as coronary heart disease, angina, heart attack, or stroke), or cancer; these were categorized into 0, 1, or 2 or more. Ever use of drugs was defined as lifetime use of any of the following: marijuana (specifically non-medical use), cocaine, amphetamine-type stimulants, non-medical use of sedatives or sleeping pills, or non-medical use of opiates. Symptoms of alcohol use disorder were derived from the Alcohol, Smoking and Substance Involvement Screening Test, 24 and were defined as having any of the following symptoms related to alcohol in the past 3 months: strong desire or urge to use; health, social, legal, or financial problems; failure to do what was normally expected; concern about use of alcoholic beverages from a friend or relative or anyone else; or trying and failing to control, cut down, or stop using alcohol beverages. We also controlled for being a daily smoker in analyses because the smoking cessation behaviors of daily smokers differ from non-daily smokers. 25 Statistical Analysis. The HCPS included a total of 7002 participants (adults and children), of whom 5592 were adults aged 18 and older. Our study sample included adults who responded to the questions about the presence or absence of SMI (n = 5561). We first compared adults with and without SMI using chi-squared tests and design-adjusted Wald test statistics. We determined prevalence of ever and current smoking among adults with and without SMI. We then compared prevalence of past-12-month quit attempts (primary outcome), past-12-month receipt of advice to quit from a health professional, and plans to quit in the next 30 days among current smokers with and without SMI. We assessed the association between having SMI and these quitting-related outcomes using multivariable logistic regression adjusting for the covariates above. We used complex survey procedures in Stata 14 (College Station, TX) for all analyses. All counts are unweighted and all percentages are weighted to reflect the population of health center patients nationally. Weights reflect probability of selection, a non-response adjustment, and a poststratification adjustment.
RESULTS
Study Sample Characteristics
The overall prevalence of SMI in the study sample was 23%, and of these individuals, 13% reported schizophrenia, 50% reported bipolar disorder, and 64% had a Kessler 6 score > 13. Among adults with a Kessler 6 score > 13, 29% reported a diagnosis of either bipolar disorder or schizophrenia. Compared to adults without SMI, more adults with SMI were aged 35-54, of non-Hispanic white race/ethnicity, and living under the federal poverty level (Table 1) . Adults with SMI had a higher prevalence of asthma, COPD, and cardiovascular disease compared to adults without SMI. Most participants with and without SMI were seen at Community Health Centers, reflecting the distribution of health center patients nationally; however, adults with SMI were more likely to be seen at Migrant Health Centers and less likely to be seen at Community Health Centers compared to adults without SMI. Adults with SMI had higher prevalence of ever drug use and symptoms of alcohol use disorder compared to smokers without SMI (Table 1) .
Smoking Status
The prevalence of ever smoking was 68% in adults with SMI and 41% in adults without SMI (p < 0.001). Current smoking was also significantly higher among those with SMI ( Table 2 ). The quit ratio for participants with SMI was significantly lower than that for those without SMI (Table 2) .
In adjusted analyses, adults with SMI had nearly twice the odds of current smoking compared to adults without SMI (aOR 1.93, 95% confidence interval (CI) 1.30-2.86; data not shown in tables).
Quitting-Related Factors
SMI was non-significantly negatively associated with being a former smoker among ever smokers (p = 0.05, Table 3 ). Compared to smokers without SMI, smokers with SMI had approximately 2.5 times the odds of reporting receipt of advice to quit from a doctor or health professional in the past 12 months in adjusted analyses (Table 3) . Smokers with SMI had higher odds of making a quit attempt in the past 12 months compared to smokers without SMI in unadjusted analyses, but this was not statistically significant in adjusted analyses. Smokers with and without SMI did not differ significantly in their intentions to quit in the next 30 days in unadjusted and adjusted analyses (Table 3) .
DISCUSSION
In this national study of health center patients, over 80% of smokers with SMI reported receiving advice to quit smoking from a healthcare professional. Smokers with SMI reported a similar likelihood of attempts at and interest in quitting compared to smokers without SMI. These findings are concordant with other studies 26 in dispelling the notion that smokers with SMI are uninterested in quitting. Despite a higher likelihood of receiving clinician advice to quit, the low quit ratio in this population suggests that advice alone is unlikely to be sufficient in this population and underscores the need for augmented strategies to promote smoking cessation and reduce the burden of tobacco-related disease in this vulnerable group of people.
Most health center smokers with SMI (87%) reported being advised to quit smoking by a healthcare professional and 17% reported plans to quit smoking in the next 30 days. It is not clear whether participants received assistance in quitting smoking, or whether they had follow-up arranged to assess progress with smoking cessation. Future iterations of the Health Center Patient Survey should consider collecting this information to find gaps in treatment provision. To help patients with SMI translate this advice into action, health center clinicians should provide their patients who smoke with evidence-based smoking cessation treatment. Although we were not able to assess whether smokers were provided with such treatments, studies in other settings and populations have found that many patients who are screened for tobacco use and provided with advice to quit do not receive assistance in their quit attempts. [27] [28] [29] The same evidence-based smoking cessation treatments that are used in the general population, 30 e.g., nicotine replacement therapy, varenicline, and bupropion, have demonstrated efficacy and tolerability in populations with mental illness, including SMI. [31] [32] [33] There is also evidence that extending varenicline treatment after 12 weeks to 1 year in smokers with schizophrenia and bipolar disorder improves long-term cigarette abstinence rates, 34 a strategy that may be considered to improve cessation rates.
We were unable to distinguish whether participants discussed smoking with their primary care provider or psychiatrist, or both. An online survey of patients with bipolar disorder found that only one-third were advised to quit smoking by a mental health provider, 26 which is much lower than the 87% reporting advice to quit from a healthcare professional in the present study. Differences in survey administration (online vs among those who had visited a health center), study population (bipolar disorder vs SMI), and years of data collection (2007-2008 vs 2014) may be some contributing factors. Further research should explore the extent to which smoking cessation interventions are occurring in various clinical settings. Nevertheless, all providers who see patients with SMI-including psychiatrists and primary care providers-should provide evidence-based smoking cessation treatments to smokers with SMI during all clinical encounters to maximize the likelihood that they receive treatment and support. For trainees, tobacco treatment curricula during residency programs can improve knowledge and confidence in treating patients who smoke. 35 Academic detailing through strategies such as videoconference can be used to educate providers on smoking cessation treatment options and use. 36 Nearly half of all adult health center patients with SMI in our study reported current cigarette use, and SMI was an independent predictor of current smoking. The 2009 Health Center Patient Survey similarly found that 56% of adults with severe mental illness as defined by a Kessler 6 score of ≥ 13 reported current smoking, 18 and overall, these prevalence rates are consistent with those from other nationally representative 12 and non-nationally representative samples of adults with SMI. 8, 37 Despite these higher smoking rates and the lower quit ratio among individuals with SMI compared to those without SMI, over half of smokers with SMI reported trying to quit in the past year. Thus, a major challenge remains in how to translate motivations to quit into cessation among smokers with SMI. Smokers with SMI cite various barriers to smoking cessation, 38 including smoking to help deal with mental health symptoms and stress, and social factors such as the influences of peers or significant others. 39 Smokers with low socioeconomic status also face many of the same barriers, 38 and these Similar to other populations of individuals with low socioeconomic status 40 and SMI, 41 we found that health center patients with SMI had higher prevalence of tobacco-related diseases such as chronic obstructive pulmonary disease and cardiovascular disease. In addition to smoking, individuals with SMI also have higher prevalence of other factors that can influence cardiovascular risk and mortality, such as substance use 42, 43 and obesity. 44, 45 Multidisciplinary integrated care models are one mechanism for improving monitoring and management of co-occurring mental illness, health risk behaviors, and medical comorbidities. Through such models, mental health and primary care providers can work together toward a joint goal of improving the health of patients with SMI. Safety net health centers, which often provide both primary care and behavioral health services, are a particularly promising setting for implementing such models.
This study has several limitations. First, all data, including data on diagnoses of schizophrenia and bipolar disorder, were provided by participant self-report and are subject to reporting error, particularly if patients with SMI are reluctant to disclose diagnoses or symptoms. Second, our definition of SMI was based on both diagnoses and the Kessler 6 score and may represent a heterogenous group in terms of mental health status. However, a sensitivity analysis limiting the population to adults with bipolar disorder or schizophrenia yielded similar findings. Third, data on past-12-month quit attempts were only collected from current smokers and therefore represent failed quit attempts; we do not have estimates on the percentage of individuals who successfully quit smoking during the past 12 months. Without this information, it is possible that the higher prevalence of past-year quit attempts among those with SMI reflects a greater likelihood of failure when attempting to quit. Fourth, the quit ratio does not reflect the extent of relapse or the duration of cigarette abstinence in this population, and the quit ratio may change based on these factors over time. Finally, the study population of the Health Center Patient Survey represents individuals engaged in healthcare, who may be more motivated to change their health risk behaviors than individuals with no access to care or suboptimal visit attendance, which is more prevalent among those with SMI. 46 While our findings are representative of health center patients nationally, these findings are heavily weighted by those seen in CHCs, who comprise more than 90% of patients seen in federally funded health centers each year. Results may not be generalizable to other populations of underserved adults with SMI.
Adult health center patients with SMI have a greater burden of cigarette smoking and a lower quit ratio than adults without SMI. Contrary to many clinicians' perceptions that smokers with SMI do not want to quit, over half of smokers with SMI made a quit attempt in the past year and their intentions to quit were no different from those of smokers without SMI. Providers caring for these vulnerable patients can help reduce the mortality gap in patients with SMI by providing evidencebased smoking cessation treatment to help smokers succeed in their attempts to quit. Italics indicates statistical significance (p<0.05) *Adjusted for age, sex, race/ethnicity, education, being uninsured for 6 or more months in the past year, income, clinic type, ever use of illicit drugs, symptoms of alcohol use disorder, and number of medical comorbidities. Analyses among current smokers also controlled for being a daily smoker
